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Introduction

Ball clay was the source of elevated dioxin levels in a variety of animal food products in the

United States 1. The ball clay had been used as an anti-caking agent in the soy component of

animal feeds. Its use in animal feeds has been discontinued. In a joint effort between the USEPA

and the FDA to evaluate the distribution of dioxins in mined products used in animal feeds, raw

ball clay, processed clay and a variety of other mined products have been analyzed for the

presence of dioxins and furans (CDD /CDFs) 2. The isom er distributio n and th e conge ner prof ile in

the ball clay were established 3 and are d istinctive with  character istic features u nique to th is

particular ty pe of clay . These fe atures hav e also been  found to  be exhib ited by dio xins foun d in

clays in other locations in the United States and in Germany 4. These characteristics are

distinguishable from and do not match those from other known sources and provides evidence

which su pports a h ypothe sis attributing th eir presen ce to natu ral proces ses. 

Material an d Metho ds 

Eight raw ball clay samples were obtained from an open mining pit at a depth of 50-60 feet by

boring h orizontally  into the w all adjacen t to an exca vated are a to obtain  clay not p reviously

exposed to the atmosphere. Four processed ball clay samples were obtained as sub-samples from

larger bu lk quan tities comm ercially ava ilable. An a dditional six teen min ed prod ucts used  in

animal feeds were obtained by the FDA at a variety of commercial processing locations in the

United States. Details of the analytical procedure are described elsewhere 3 and are based on a

modified version of EPA’s Method 1613.

Results and Discussion.

The average concentration of the 2,3,7,8-Cl substituted dioxins from the analyses of the raw and

processed ball clay are provided in Table 1 together with the average concentrations of the total

homologue groups. OCDD w as the congener at the highest concentration in all of the samples

followe d by eithe r HpCD D and, su rprisingly, in  two of th e samp les by the 1 ,2,3,7,8,9 -HxC DD. 

The most toxic tetra and penta congeners are present at unusually high concentrations in all of the



sample s with ave rage con centration s of 711  and 50 8 ppt, resp ectively.  Fo r the proc essed ball

clay, OCDD was again present at the highest concentration with its absolute and relative

concentration being much higher than in the raw clay with an average concentration exceeding

200 ppb. The HpCDD was the next highest in concentration followed in all cases by the

1,2,3,7,8,9-HxCDD. Although the PeCDD concentration was approximately equal in the raw clay

and the proce ssed clay with ave rage concen trations of 500 an d 430 pp t respectively, there was a

dramatic reduction in the TCDD concentration in processed clay. The average concentration of the

TCDD in the raw clay was 700 ppt but dropped to approximately 50 ppt in the processed clay.

Another interesting feature in the ball clay is the presence of 1,2,3,7,8,9-HxCDD at higher

concen trations than  the other 2 ,3,7,8 H xCDD  isomers. 

As is evident from the homolog ue totals, the furan concentrations, while detectable, are

dramatically lower than the dioxins in each homologue group and the relative concentrations of

each individual to the total is markedly different between the raw and processed clay. The 2,3,7,8-

Cl substituted furans were also not detected at comparable detection limits (LOD = 1ppt) or w ere

present at 2-3 orders of magnitude lower.

Six of the other sixteen mined products were relatively free from detectable levels of CDD/CDFs

including OCDD. These included all five sodium bentonites from the New England states, the

bentonites and sodium bentonite from Wyoming and the attaplugite from Florida. For the other

samples, OCDD was found at the highest concentration followed without exception by the

HpCD D and th en the 1,2 ,3,7,8,9-H xCDD  which, a s in all the m ined pro ducts inclu ding the b all

clay, is present at higher concentrations than the other two toxic hexa isomers. This is unusual

since, in most cases, the 1 ,2,3,6,7,8 is the dom inant congen er among  the toxic hexa isom ers,

especially in biological media.(5). The I-TEQs for the mined products are: lime 0.43, Al-Ca-

silicate 0.52, bulk clay 0.97, montmorillonite 0.84-4.81, ground clay 9.75 and bentonite 3.93 and

22.4 pp t.

The isomer distribution and congener profile for the ball clay has also been determined  and

displays so me intere sting and  apparen tly uniqu e features th at provid e the basis fo r comp arisons to

these characteristics from known dioxin sources. In addition to the high concentrations of 2,3,7,8-

TCD D and th e predo minan ce of the 1 ,2,4,7,8,9 -HxC DD an d the abse nce of fu rans at com parable

concentrations, the tetra isomer distribution also appears to be a distinctive feature of the ball clay.

As is evident from Figure 1, the tetra profile is dominated by the 2,3,7,8-, 1,2,7,8-, 1,2,6,7- and

the 1,2,8,9- isomers. This is in marked contrast to the profile of a “typical” air sample in which

these isom ers are m inor com ponen ts and the p rofile is dom inated by  the 1,3,6,8 - 1,3,7,9-,1 ,3,6,9,-

and the 1,2,4,9-/1,2,4,8- (unresolved) congener pair. In air samples, furans are predominant

comp onents, re flecting co mbus tion sourc es, while the re is a mark ed absen ce of these  comp onents

in ball clay. T his prono unced  dissimilarity b etween  the tetra isom er dioxin  distribution  in the ball

clay and air strongly argues for a source other than combustion to account for dioxins in the clay.

Even if it is assu med th at the clays h ave bee n acting a s a sink for th e accum ulation of  air

deposited CDD/CD Fs over extended periods of time, the absence of furans and  the unusual tetra

dioxin profile remain unexplained.

Cleverly  et al 6 compiled congener profiles that are typical of wide variety of known

anthropogenic sources of dioxin in the U.S. and their analyses was used as a basis for comparison



to the pro file of the ba ll clay. Non e of the pr ofiles exam ined m atch the ch aracteristics of  the ball 

clay. For example, the congener profile of technical grade pentachlorophenol is clearly dominated

by OCDD and HpCDD as in the ball clay. However, PCP contains only trace levels of 2,3,7,8-

TCDD  and the 1,2,3,4,6 ,7,8-HpCD F and OC DF constitute rou ghly 15 %  of typical formu lations.

The natural origin and production of various dioxin congeners by natural processes has been

suggeste d by a n umbe r of investig ators. Lam parski et al 7 reported that hexa-, hepta- and octa-

dioxin co ngene rs in sewag e sludge se aled in an  ampu le from 1 933 m atched th e pattern fo und in

sewage sludge from the 1980s. Since the 1933 sample predated the commercial production of PCP

(a likely source for these congeners), a natural chlorination process was proposed to account for

their presen ce. Similar ly, Svens on et al 8 Oberg  et al 9, Rappe  et al 10 and Silk e t al 11 all report

enzyme  mediated dio xin formation  from chloro phenols.

The presence and natural production of a wide variety of halogenated organics including as

assortment of chlorinated phenols by ancient species of blue green alga, fungi, and numerous

other pre-historic organisms is described in detail by Gribble 12. More re cently, H oektra et al 13 has

demo nstrated the  natural for mation  of chlorin ated phe nols and  chlorinate d CDD /CDFs in  the soil

of a Douglas fur forest and has proposed a mechanism responsible for their formation. The

accumulation of these naturally formed chlorinated materials in the clay deposits over the eons

could conceivably have supplied the precursor material for the formation of the dioxins in the

clays. The production of dioxins from chlorophenols is well documented and the examples sited

herein invites speculation that the dioxins in the clays could have possibly been derived from

naturally produced chlorphenols by a yet  explained mechanism.

Other ball clay samples originating from mines in Kentucky also were found to contain dioxins at

comparable concentrat ions to those found in the mine from Mississippi and share the same

features n oted for th e isomer  distribution s. Recently , dioxins h ave bee n discov ered in ka olinitic

clay in Germany and they too display the same characteristic features of the ball clay from the

United States 3. No anthropogenic source was suspected and it was speculated that the dioxins

were a result of some geologic process. These recent findings of elevated dioxin levels in clay

deposits millions of years old in disparate regions of the U.S. with distinct unprecedented isomer

patterns that reportedly match those originating from ancient  deposits  in Germany argues for some

natural geologic mechanism to account for their origin 14. To date, no definitive experimental

evidence has been brought forward to account for the presence of the dioxins in the clay from

known  anthropog enic sources or to ac count for their syn thesis under natura l conditions.
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Table 1. Average Concentration of 2,3,7,8-Cl Substituted PCDDs and Total CDDs/CDFs in Ball Clay

[ppt, d.w .]

Congener      Raw Processed Total Raw Processed 

2,3,7,8-TCDD       711                  48 TCDD 3729         2425

1,2,3,7,8-PeCDD       508           432 TCDF       6             11

1,2,3,4,7,8-HxCDD   131     593 PeCDD 4798         7378  

1,2,3,6,7,8-HxCDD        456           738 PeCDF          2                   1

1,2,3,7,8,9-HxCDD      2093    2028 HxCDD           6609        21034

1,2,3,4,6,7,8-HpCDD   2383  14041 HxCDF               6                12

OCDD                        20640     205663 HpCDD 6194         30420

HpCDF               9                 55

Total TEQ          1513     977 OCDD            20640      211244

OCDF                    11                23



Figure 1. Tetrachloro-dibenzo-p-dioxin isomer distributions of Ball Clay and Air 


